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ABSTRACT: Most European traders, conquerors and colonists sought to build familiar settlements in 
unfamiliar surroundings. These ambitions were often challenged by scarcity of known building materials, 
skilled labour and the demands of alien climatic conditions. To find suitable translations of European 
building techniques, observation of local construction methods and their selective appropriation solved 
many such difficulties. This paper is largely based on articles in military and learned journals published in 
Britain and India in which non-European building practices and materials were described and illustrated 
not as exotic curiosities but as ideas worthy of emulation, until they were set aside in favour of the sup­
posedly superior products of European mechanical industry and scientific knowledge. The paper will 
focus on three Indian modes of building that gained wide admiration and comment beyond the subconti­
nent. These are: Superior Chunam mortars capable of fine finishes and waterproofing, ingenious vaulting 
techniques with reduced lateral thrust erected with minimal falsework and well foundations, a reliable 
alternative to piling. 
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BACKGROUND 
When the Portuguese entered the Indian Ocean in 
1498, Vasco da Gama's íleet found many aspects 
of East African material culture familiar; coastal 
trading settlements in Mozambique, Mombasa 
and Malindi featured plastered and whitewashed 
masonry and terraced roofs, reminding them of 
southern Portugal as did the ruins of Kilwa and 
others on the Swahili coast. Among them are 
impressive vaulted and domed mosques and pal­
aces dating from at least the fourteenth century. 
Sorne were ornamented with Chinese and Persian 
ceramics, others with finely carved marble details 
from Gujarat, attesting to earlier Islamic networks 
across and beyond the Indian Ocean. These were 
part of larger sea and overland trade and pilgrim­
age routes stretching from China and Japan to 
the Atlantic coasts of Morocco and sub-Saharan 
Africa (Chitick 1963, 184-186). Entering the heart 
of this system, the Portuguese sought to establish 
fortified coastal settlements from which they could 
trade, form alliances and mount naval patrols. 
Initially they built timber stockades, while 
trading from ephemeral structures roofed in the 
ubiquitous palm fronds copied from coastal popu­
lations they encountered. These were followed by 
'permanent' fortifications, mediaeval in character, 
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such as the tower and fortified warehouse erected 
by Albuquerque at Malacca in 1511. 
Wherever the Portuguese ventured, they aspired 
to build compact settlements composed of neatly 
plastered and rendered lime-washed masonry 
buildings. Walls were made of whatever stone was 
available, either rubble masonry or roughly cut 
blocks held together by lime mortar. Sometimes, 
rammed earth was used. Raw materials for lime 
were easily available on shorelines where seashells 
or coral could be collected and burnt. Slaves facili­
tated these labour-hungry techniques. 
Early sixteenth century Portuguese builders 
adapted and adopted building techniques and 
recipes from India and elsewhere, particularly for 
mortar. Local craftsmen specializing in lime mor­
tar, known as chunam (chunambo), used methods 
passed down through generations for grading, 
mixing and grinding the ingredients. Adding vege­
table oils and minerals gave the mixtures their par­
ticular hydraulic properties, their durability and 
capacity for high polish. Variants of these recipes 
were quickly adopted throughout Portuguese set­
tlements stretching from Mozambique to Brazil 
and Macau. 
Records from Goa show that the Portuguese 
often employed local contractors and know-how, 
with knowledge traveling both ways. Roofs of Med-
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iterranean tiles, de rigueur in most settlements were 
easily supplied by local potters thus iníluencing and 
stimulating local demand (Carita 2007, 75). 
Long distance trade dictated by tropical mon­
soons facilitated the spread of ideas long befare 
the arrival of Europeans. For example, window 
glazing using translucent mother of pearl or nacre 
shell, Placuna placenta, was used in Portuguese 
enclaves from Mozambique to Macau. There 
windows and doors with small rectangles of shell 
arranged as scales held in place by grooved mul­
lions, are known as carepas. In the Philippines, 
Spanish colonial balcones have large areas of 
similar shell glazing, known locally as capiz. The 
source of the technique is obscure, possibly origi­
nating in China, but it is still very visible in Goa 
where its surface reílects the harsh sunlight to give 
a warm, soft glow to interiors. The Dutch adopted 
the technique in Batavia until the importation of 
fragile glass panes became practicable. 
Portuguese became the lingua franca far trade 
in many parts of coastal Asia, continuing well into 
the nineteenth century (Callaway 1820, i-ii). When 
the Dutch East India Company (VOC) overran 
Portuguese settlements and trade networks, they 
had to rely on Portuguese and their descendants 
to act as middlemen. VOC buildings in Batavia, 
Colombo and Cochin, along with other Dutch 
outposts throughout Asia were built using mate­
rials and techniques the Portuguese had learnt in 
Asia or brought with them from southern Portugal 
and north Africa. For example, the Dutch quickly 
faund that fair-faced brickwork was vulnerable to 
intense tropical downpours and adopted the local 
tradition of building in masonry faced in chunam. 
Cape Town in South Africa, the way-station on 
the route to Batavia has buildings plastered with 
the same recipes Indians and Portuguese had used 
befare them. As other Europeans carne to trade in 
Asia they too built u pon the accumulated fund of 
knowledge. 
Until the end of the seventeenth century techni­
cal know-how was exchanged largely by word of 
mouth and travelled with craftsmen as they moved 
from one enclave to another. This paper will fal­
low the diffusion of ideas about unique building 
methods as they were disseminated in print, both 
in European metropolitan centres and in journals 
published in India and elsewhere. It will explore 
laudatory reports on three techniques adopted by 
Europeans; chunam and its superior properties; 
vaulting techniques admired far their ease of erec­
tion without centering and the wide use of well 
faundations, an ideal method far building heavy 
structures on alluvial soils. 
The paper will outline changing circumstances 
that contributed to the decline of once eminently 
suitable crafts and techniques that were disparaged 
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and re placed with new building methods that relied 
on contracting systems and imported materials. 
2 CHUNAM IN PRINTED ACCOUNTS 
From the period after 1700, technical literature 
published in Europe began to comment on Indian 
building techniques. In 1731 the celebrated Brit­
ish astronomer Edmund Halley read a letter to 
the Royal Society sent to him by Isaac Pyke, Gov­
ernor of St Helena giving a minutely detailed 
recipe far, The Method of making the best Mor­
tar at Madras ... in which he says: " ... the Plaist­
ering above described, is thought in India vastly 
to exceed any sort of Stucco-Work, or Plaister 
of Paris; and I have seen a Room done with this 
sort of Tarrass-Mortar that has come up to the 
best Sort of Wainscot-Work in Smoothness and in 
Beauty ... " (Pyke 1731-32, 235). 
Near magical properties were ascribed to these 
and other Indian technical practices, with sugges­
tions of how parts of the complex recipes could be 
emulated at home, using British vegetable products 
(Sudan 2004, 151). 
The reputation of chunam spread widely 
throughout the colonial world with Madras seen 
as the centre of excellence. Here is Dr Scott in 
Bombay writing in 1794 to Dr Anderson, Sur­
geon General at Madras, enquiring about chunam, 
its preparation and properties: " ... 1 should be 
extremely obliged to you to send me an account 
of your method at Madras of preparing chunam 
far buildings, terraces, tanks & c. I understand you 
excel us very much in these works ... therefare dif­
ference must arise from the ingredients you mix 
with it, or in sorne degree, from the method of 
work ... " (Anderson 1794, 3). 
The reply from the highly regarded 'natural 
philosopher' Dr. Anderson, contained minutely 
detailed procedures far various recipes many of 
which included the addition of jaggery and eggs. 
In 1799, James Anderson of Edinburgh pub­
lished a further account by a Madras namesake: 
An account of the Mode of making the fine Mar­
ble-like Cement of India called Chunam. This arti­
cle summarized the material's properties: " ... no 
cement far building hath yet been discovered in 
Europe that can be compared with the fine Chu­
nam o[ India far closeness, toughness, durability, 
and beauty. It sets as quickly as stucco, and at the 
same time acquires a hardness greatly superior to 
our best lime mortar, and is alike proper far works 
under water, as far those that are exposed to air; so 
that it supersedes the use alike of gypsum and of 
puzzuolana, or terras ... " (Anderson 1799, 1-12). 
Captain William Janes of Philadelphia who 
visited Calcutta and admired the terraced roofs 
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of the city, saw the possibility for their use in the 
U nited States where suitable roofing materials were 
not easily available. He wrote to the President of 
the American Philosophical Society in 1807 asking 
that his enquiry be forwarded to a Civil Engineer in 
Calcutta, also named William Janes (Janes 1809). 
The comprehensive reply included a description of 
the laborious process needed to achieve a satisfac­
tory result: " ... On a small roof you must employ at 
least fifty people, women and children will answer, 
with a few bricklayers, constantly to see that the 
materials are laying right. They must ali sit down 
on any thing you find convenient, and continue 
beating sharply and hard for three days ... the sub­
stance must be constantly wetted taking care that 
the lime is not washed out. .. " (Janes 1809, 81). 
Benjamin Latrobe, took an interest in these 
communications, contributing his own observa­
tions to the journal. He was inclined to favor ter­
raced roofs for their aesthetic qualities, "supported 
by our Italian prejudices" ... but felt that the severe 
frosts would destroy such roofs with water entering 
and freezing in small cracks (Latrobe 1809, 390). 
At the end of the eighteenth century, the East 
India Company's settlements were admired for 
their crisp classical architecture, much praised by 
countless travelers. Among them, William Hodges 
the celebrated topographical artist, who published 
his impressions of Madras in 1793: " ... the English 
town, rising from within Fort St George has from 
the sea a rich and beautiful appearance; the houses 
being covered with a stucco called chunam, which 
in itself is nearly as compact as the finest marble, 
and, as it bears as high a polish, is equally splendid 
with that elegant material. The stile of the build­
ings is in general handsome. They consist of long 
colonnades, with open porticoes, and ílat roofs, 
and offer to the eye an appearance similar to what 
we may conceive of a Grecian city in the age of 
Alexander. The clear, blue, cloudless sky, the pol­
ished white buildings, ... and the dark green sea, 
present a combination totally new to the eye of an 
Englishman,just arrived from London, who ... can­
not but contemplate the difference with delight ... " 
(Hodges 1792, 1-2). 
Calcutta's architecture was perhaps even more 
splendid but with vulnerabilities: " ... the Euro pean 
part of the town lies next to the fort, and the houses 
are here much more elegant than at Madras ... at 
Calcutta, most of the merchants have their offices 
attached to their dwelling houses, and, of course, 
both are kept in good order: for though the chu­
nam, when kept clean and entire, rivals the Parian 
marble itself; yet when it gets tarnished, or is suf­
fered to drop off here and there and thus discover 
the bricks underneath, nothing can have a more 
motley and beggarly appearance ... " (Johnson 
1807, 98). 
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In its first volume of 1834, The Madras Jour­
nal of Literature and Science put out a request for 
contributions on various subjects including: " ... a 
translation or abstract of the Silpa Sastra and 
sorne exposition of Hindu architecture, including 
particulars of the building materials in use, espe­
cially the preparation of the various kinds of chu­
nam and cement. .. " (Editor 1836, 49). 
Chunam's reputation as an attractive and dura­
ble finish to the buildings of Madras allowed that 
city to hold its own against John Nash's Regent's 
Park in London. Another positive attribute of chu­
nam was its waterproofing properties, extensively 
used on terraced roofs in Madras, Calcutta, Pon­
dicherry, Tranquebar and other European trading 
settlements. Additionally it was used to waterproof 
aqueduct channels, tank and cistern linings and its 
use in great Indian civil engineering works pre­
dated any similar projects by Europeans in that 
country. Fig. l .  
To achieve hydraulic and weatherproof cements, 
engineers, architects and builders in Europe had 
relied on Vitruvius for information on mortars, 
cements and stuccos. Accessible equivalents to 
terra puzzulana such as tarrass from Holland had 
augmented their meager fund of knowledge. In the 
1750s, John Smeaton carried out extensive experi­
ments to find suitable hydraulic cements for the con­
struction of the Eddystone lighthouse, combining 
imported puzzulana with blue lias from the West of 
England (Smeaton 1791, 102-123). Pioneers in the 
Figure l. Top: collecting and burning shells in Brazil. 
(Debret 1835), pi. 35. Bottom: Finely plastered Calcutta 
villa depending on chunam. (Wood 1833) pi. 28. By kind 
permission SPL Foundation. 
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new science of chemistry who conducted experi­
ments on calcareous materials, cements and mor­
tars in Britain and Europe, published their findings 
in monographs, in emerging scientific journals or 
by patenting their discoveries (Higgins 1780, 184-
205). Despite war raging on the continent, British 
journals compiled summaries of the latest French 
investigations (Guyton 1801, 109-114). 
The most authoritative European work pub­
lished in the early nineteenth century was by Louis J. 
Vicat, a graduate of the École des Ponts et Chaussées 
(Vicat 1818, 31-40). He had developed an interest 
in cements and mortars while building bridges in 
Sou thern France in 1817 and claimed to have dis­
covered hydraulic cement befare Joseph Aspdin 
patented Portland Cement in 1824 (Aspdin 1824, 
2). Captain J. T. Smith, Madras Engineer, translated 
and published Vicat's work in 1837 with additional 
material describing Indian experiments on various 
types of chunam with many organic and mineral 
additives (Smith 1837, 176). Smith was by no means 
the only Madras Engineer who respected local 
knowledge and wished to apply this to engineering 
problems in India. In 1839 he published the first 
volume of a professional journal bringing together 
contributions from fellow officers on a wide range 
of subjects. Severa! articles facussed on a type of 
magnesite cement with hydraulic properties discov­
ered by Dr. McC!eod in 1825 (Smith 1839, 31-33). 
In India, local deposits of the mineral were faund, 
making it very competitive against Parker's cement 
imported from Britain (Newbold 1843, 161-165). 
Fortunately, chunam produced by local specialists 
to traditional recipes continued to be used in build­
ings outside Britain's bureaucratic procurement 
systems. Implemented after the mid-century, these 
systems required industrially produced limes and 
mortars with predictable properties easily replicated 
and applied. Unfartunately, this led to the gradual 
disappearance of age-old recipes and craft skills, 
dependent on tacit knowledge. Ordinary buildings 
ranging from bungalows to barracks were still built 
in rendered brickwork with a simple lime mortar. 
Roofs were either terraced and waterproofed in a 
less than perfect chunam or covered in the 'country 
tile' popularised by the Portuguese. Replacing the 
locally made 'pot', 'pan', 'ílat' and 'Goodwyn' tiles, 
factory made Indian products such as interlocking 
'Allahabad' or 'Mangalore' tiles, based upon French 
'Marseilles' tile of the 1840s, became readily avail­
able after the 1850s and favoured by specifiers who 
relied on rapid supply from dependable warehouse 
stocks and railway distribution across the Raj. 
(Tyndall 1900, plates LXX-LXXII). 
Fashion also took its toll. As with the stuccoed 
Regency and Early Victorian buildings in Britain, 
eventually despised as confections of fakery and 
sham, admiration far the shimmering white clas-
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sical architecture of Madras and Calcutta with 
crisp lines and terraced roofs also faded. Fairfaced 
brickwork or stone buildings with visible pitched 
roofs thus became the Metropolitan desideratum 
copied throughout the Empire. 
3 UNIQUE VAULTING METHODS 
Indian vaulting techniques, also appropriated by 
European builders, were unlike chunam, having 
been heavily iníluenced by the technologies of 
Islamic invaders and traders. Sorne methods had 
developed into distinctive regional vernaculars at 
least two centuries befare the Portuguese arrived. 
Although written documentation is sparse, it 
seems likely that the Portuguese combined their 
desire far vaulted structures with this local Indian 
expertise, as demonstrated in the early 1520s church 
o[ Nossa Senhora da Luz in Meliapore just south 
of Madras (Chennai) which is roofed with a barre! 
vault. Towards the end of the sixteenth century in 
Goa, there may have been a predominance of Por­
tuguese know-how in the vaulting of sorne major 
churches but it is curious that the Jesuit church of 
Bom Jesus, completed in 1605, has a timber roof 
over the nave (Osswald 2013, 67-88). This building 
was clearly the model far the less important Jesuit 
establishment in Diu where a church of similar size 
has an impressively large coffered vault over the 
nave and chance! as have ali other major churches 
in that city (Shokoohy 2007, 168-174). 
Contemporaneous Ethiopian records state that 
masons from Gujarat carne there with Jesuit mis­
sionaries to build monumental vaulted churches in 
Nova Gorgora. As can be seen from their remains, 
these buildings were strongly based upon the Diu 
model and attest to a transfer of Indo-Portuguese 
building knowledge (Martinez 2017, 23-29). 
Another distinctive example can be seen in the 
wagon vaults over the first Protestant church in 
India, Zion Church of 1717, built by Lutheran 
missionaries in the Danish trading settlement of 
Tranquebar (Tharangambadi) on the Coroman­
del Coast (Jayewardene-Pillai 2007, 62-63). This 
south east Indian vernacular building technique 
was commonly used in Hindu Temple sanctuar­
ies and other religious and secular buildings. Built 
up from hollow ceramic pots, turned on a potter's 
wheel, vaults were erected with a minimum of false­
work, making them extremely light. They were 
constructed with very cohesive chunam, reducing 
the need far buttressing, of which Zion Church 
has none. Similar techniques of falk construction 
from south western France using clay tile entered 
the mainstream in mid-eighteenth century (Ban­
nister 1968, 169). Of course vaults using hollow 
pottery were known to the Romans but had ceased 
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to be employed in the west since the Byzantine 
period (Rondelet 1830, 291). M. de St-Fart revived 
the idea in the late eighteenth century in France, 
(Quatremere de Quincy 1825, 196) while Sir John 
Soane enthusiastically took up vaulting with hol­
low 'eones' at the Bank of England (Summerson 
1984, 138). At around the same time, French trav­
ellers to Mysore and Seringapatam were admiring 
south Indian examples (Eck 1836, 1-2). 
In Madras, Lieutenant Grant, the Acting Super­
intendent Engineer, in collaboration with the Elders 
of St Andrew's Kirk, decided in 1816 to copy James 
Gibbs' unexecuted 1720s design for St Martin in the 
Fields, complete with the timber dome as drawn by 
Gibbs (Gibbs 1828, v-vi). In the meantime, Major 
Thomas Fiott de Havilland became Chief Engineer 
of the Madras Presidency having just completed St 
George's Church. Previously, as Captain, he had 
experimented with long-span arches for bridges and 
had built vaults, possibly with hollow eones, for a 
great ballroom for John Malcolm, the British Resi­
dent in Mysore, shortly after Tipu Sultan's defeat in 
1799 (Parsons 1930, 15). De Havilland advised against 
using timber in St Andrew's Kirk, arguing that: " ... 
the total abstraction of timber-work in the roof was 
desirable; first, because, in the vicissitudes of that 
climate, even the best seasoned wood soon perishes; 
and secondly, that it never can be completely secured 
against the depredations of the white ants. On these 
grounds, it was resolved to dome and arch the build­
ing with masonry ... " (de Havilland 1821, 4). 
An annular arch distributed its thrust evenly to 
outer walls surrounding the 51' 6" (15.7 m) dome 
that was supported on sixteen columns. The vault­
ing and dome were ali of " ... masonry formed 
of eones of pottery such as are used in Syrian 
Roofs ... " (de Havilland 1821, 5). The Kirk stands 
today as a testament to de Havilland's recognition 
of the versatility of an indigenous vaulting tech­
nique carried out by potters and masons with high 
levels of expertise who could deploy their skills to 
roof a structure that would have tested contempo­
raneous European builders. 
Later, Syrian Roofs became a sought-after solu­
tion in and around Madras to roof permanent 
structures. An article in the Madras Journal of Lit­
erature and Science in 1836, urged the wider use of 
vaulted roofs as a way of mitigating the ravages of 
white ants: " ... they are formed of hollow eones of 
pottery, about 10 inches long, the broader extrem­
ity, which is closed, being about 3 inches in diam­
eter, and the narrower, which is open, between 2 
and 3, but they may probably vary, according 
to the span of the roof in tended to be built. .. " 
(M. 1836, 115). Two years later, Captain George 
Underwood, Madras Engineers, contributed an 
illustrated, technical article describing how Syrian 
Roofs were built under his supervision in Banga-
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!ore: " ... the operations connected with the con­
struction of these roofs, are really so very simple
throughout, and ordinary bricklayers so promptly
comprehend them, that it is surprising such excel­
lent permanent coverings to houses, godowns and
stabling have not become more general-one-half
the weight of a tiled roof.. .one-third cheaper
than the same formed of teak-wood rafters, reap­
ers ... one-half the price and weight of a terrace
roof, while in duration, cleanliness, coolness and
appearance it far exceeds every other. The Syr­
ian or cylinder roof on the score of comfort and
economy deserves the highest patron-age in India,
where white ants, rats and vermin are destructive
and annoying ... " (Underwood 1838, 383). Fig. 2.
Underwood's article, copied and quoted over the 
next twenty years, was included in Colonel John T. 
Smith's first volume of Reports, Correspondence 
and Original Papers in 1839. (Smith 1839, 92-94) 
The editor noted that, since its original publication, 
severa! vaulted buildings in Madras had been suc­
cessfully erected, including a 32' (9.8 m) dome at 
the Medica! College. Ending on an upbeat note, it 
continues, "A Chapel at Bangalore has also a Syrian 
Roof which has stood for sorne years very well; and 
indeed it is obvious that the longer a Roof of this 
description exists the stronger it becomes." A dec­
ade later, in 1848, the article was reproduced in the 
First Number of the Corps Papers ... published by the 
Royal Engineers, 'for private circulation' in London. 
Lieutenant-Colonel Fife, inspired by Under­
wood's article, appropriated those ideas and pub­
lished a report in Professional Papers on Indian 
Engineering, in which it had occurred to him: " ... 
that by adopting the principie of the hollow tile, 
but making it a complete voussoir, and hexagonal 
Figure 2. Syrian roofs, built of hollow cylinders 
forming light, easily erected vaults, befare masonry 
vaults and domes were erected with confidence in Brit­
ain. (Underwood 1848) pi. 12. 
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in shape, and cutting its ends off obliquely, a still 
more perfect construction ... stronger than Syrian 
roofs, and more economical from not requiring the 
aid of centering . ... a hollow hexagonal voussoir. .. 
was only one-fourth the weight of the solid vous­
soirs, ... and its obligue shape admitted of its being 
used much as thin bricks are used in Upper Sind 
and other parts of India, ... for constructing vaults 
without the aid of centering ... " (Fife l864, 412). In 
his article, he wrote as if he had been the inventor 
of this technique, directing unskilled operatives to 
carry out his orders and eliminating any reference 
to previously existing skills. 
A different attitude, that of respecting and 
acknowledging local technologies, is shown nearly 
thirty years earlier in a paper submitted to the 
Institution of Civil Engineers by Lieutenant Fran­
cis Outram, Bombay Engineers. Outram described 
a local system of vaulting from southern Concan 
using closely spaced arched ribs in stone, bridged 
by slabs. The method required little scaffolding and 
could be erected by unskilled labour using simple 
tools. The resultant buildings were cool in summer, 
were fire and ant proof and cheap to build (Out­
ram 1836, 157-159). 
4 WELL FOUNDATIONS 
In Europe timber piles were the common form of 
foundation for heavy structures in alluvial soil with 
long, straight timbers being hammered into the 
ground by pile-driving machines. In India, such 
foundations were not practicable because timber 
was often scarce and besides, it deteriorated during 
seasonal drops in water tables or was ravaged by ter­
mite infestations. Instead, an ingenious and ancient 
method of sinking masonry wells was used. Fig. 3. 
One well-sinking method used a timber ring 
(meemchuk) with an outer edge wide enough for 
courses of masonry to be built upon it. This ring, 
one to two meters in diameter, was formed with 
an outward splay, into which a well digger ( Chah­
kun) entered to undermine it while masons contin­
ued building a cylinder in brick or stone onto the 
ring, causing the structure to sink slowly. The outer 
surface of this masonry cylinder could be water­
proofed in chunam as it descended. To create a large 
foundation, wells were sunk close together and, 
on reaching firm ground, could be filled with rub­
ble and mortar and linked together with masonry. 
Throughout India itinerant specialists used this 
technique, sinking wells for water, for civil engineer­
ing structures such as the impressive ghats along 
urban riverbanks and even for the Taj Mahal. 
Alexandre-Xavier Legoux de Flaix produced 
one of the earliest European reports of this Indian 
method of founding heavy structures. Born in 
Figure 3. Diagrams methods of sinking well founda­
tions, tools used and drawings showing arrangement 
of cylinders sunk clase together. (Coutley 1848), image 
composed from plates 3, 4 & 5. 
Pondicherry, he studied in France and returned as a 
military engineer in 1769. He had a strong interest 
in recording Indian agricultural, textile and engineer­
ing technologies in the spirit of the encyclopédistes, 
publishing his findings in 1807. Legoux de Flaix 
regarded Indian well foundations as superior to any­
thing European, stating: ... mon objet principal ... est 
de démontrer que les 'puits' en mar;onerie doivent étre 
préferés aux 'pilotis'." (Legoux de Flaix 1807, 426) 
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In Madras, de Havilland founded St Andrew's 
Kirk on 150 brick and pottery wells, carefully 
describing the local building method and the cus­
toms of the well diggers. He also pointed out that: 
" ... ali edifices of importan ce along the Coroman­
del Coast. .. are founded in this manner. .. almost 
the whole of Fort St. George is seated on wells ... " 
(de Havilland 1821, 20) 
Another enthusiast for this technology, Captain 
Cautley, working on the Ganges canal, wrote a 
comprehensive article in 1839 about well founda­
tions in Journal of the Asiatic Society of Bengal. 
He illustrated his account with drawings of the 
tools used and diagrams of linked wells, includ­
ing the method of sinking them (Cautley 1839). It 
appeared again in the Royal Engineers' 1848 Corps 
Papers (Cautley 1848, 34). 
Meanwhile, on a visit to London in 1842, Cap­
tain Goodwyn, Bengal Engineers, read a paper at 
the Institution of Civil Engineers, describing well 
sinking: " ... [a] cylinder descends gradually from 
6 inches to 24 feet per day, as the earth is withdrawn 
from beneath it, and relays of workmen keep it con­
stantly going, lest the sand should settle around it, 
and cause it to hang u p. The natives are very expert in 
this operation, and not unfrequently remain under 
water more than a minute at a time. The cylinders 
have been sunk as deep as 40 feet. .. " (Goodwyn 
1842, 63-4). Goodwyn then introduced a 'modifica­
tion' proposed by a fellow officer, Colonel Colvin, 
6
for sinking rectangular forms in the same way. This 
method was adopted in sorne bridge foundations 
and described by Lieut. Col. F. Abbott in his Practi­
ca/ Treatise on Permanent Bridges for Indian Rivers 
(Abbot 1847, 23-30). The method entered service 
for heavy bridges as reported by Lieutenant Yule B. 
E., who added Major W E. Baker's modifications 
to Colvin's system to streamline the digging process 
with an 'improved too!' that still relied on human 
labour(Yule 1851, 58-62). 
Civilian engineers and railway builders contin­
ued using traditional cylindrical brick wells into the 
late 1850s (Bunce 1857, 452-454). By the late 1860s, 
however, British mechanical technology was aug­
menting the work of indigenous well diggers who 
started the process, and were then replaced by sand­
pumps, dredging buckets and other machinery (Bell 
1869, 334-335). Numerous patents and 'improve­
ments' were made, eventually replacing masonry 
with iron or steel tu bes but the principie established 
by Indian well sinkers should be recognized as a 
fundamental contribution to founding heavy struc­
tures in alluvial soils (Medley 1869, 286-293). 
5 CONCLUSION 
After the Indian Revolt (1857-8), direct rule from 
Westminster was imposed on India. The pace and 
scale of building and consolidating the infrastruc­
ture of Empire then quickened and became more 
standardized. Building work was increasingly done 
by contract to specifications ignoring local circum­
stances and severely curtailing ali three uniquely 
Indian technologies discussed in this paper. 
Indian cements and mortars continued to be 
made to recipes developed through research simi­
lar to that carried out by Colo ne! Smith in Madras. 
However, by 1869, a major Indian textbook on 
construction, The Roorkee Treatise on Civil Engi­
neering in India had 43 pages dedicated to limes, 
cements and mortars, only two of them covering 
chunam, the rest were about European develop­
ments and products, including expensive Portland 
cement imported from Britain (Medley 1869, 120-
121). Traditional vaulting techniques, dependent 
on potters and artisans with specialized skills, were 
replaced by other more predictable solutions such 
as standardized iron trusses manufactured in Brit­
ain and shipped to India. 
Well foundations survived as an original Indian 
contribution to civil engineering but ali the skills, 
judgment and experience of the well sinkers were 
replaced by machinery of various types that 
extracted earth and sank enormous structures with 
a minimum of skilled human input. 
Sorne voices were raised about these lost arts. 
Accomplished works of Indian architecture and 
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engineering were presented and discussed on sev­
era! occasions by architects in London at the Royal 
Institute of British Architects. James Fergusson in 
1854, spoke admiringly of Gol Gumbaz, the tomb 
of Mohammed Adil Shah, in Bijapur: " .. .in the 
Pantheon, and in European domes generally, [the 
thrust] is counterbalanced by a mass of masonry in 
the haunches ... This mass, however, entirely destroys 
the outline and is ... a very clumsy piece of masonry; 
here the object is accomplished by hanging the 
weight inside: the massive pendentives having a ten­
dency to fall inwards act as ties ... as from their arch 
form, they are perfectly stable in themselves ... " (Fer­
gusson 1855, 9). By the mid-nineteenth century, the 
art of masonry domes and vaulting had given way to 
metallic structures capable of replicating just about 
any form without the discipline of fine balancing. 
Among others who valued Indian building meth­
ods was Robert Fellows Chisholm, who sent expert 
Madras chunam workers to Calcutta: " ... 1 asked 
one of the Bengal officers subsequently how they 
got on with this kind of work at Calcutta. He replied 
they could never get the same degree of excellence 
of workmanship ... " (Chisholm 1876, 178). The 
youthful Lieutenant Samuel Swinton Jacob, while 
acting as Executive Engineer at Jaipur, wrote a short 
illustrated paper on how to make carefully crafted 
trellis work in chunam in the hope of encouraging 
fellow officers to include such elements in their 
designs (Jacob 1868, 303). These efforts were few 
and far between. Legoux de Flaix, mentioned previ­
ously, stands out for his unprejudiced appreciation 
for Indian ideas befare they were dismissed out of 
hand as unworthy of consideration, or to be smoth­
ered by European notions of the beneficia! march 
of 'Progress' (D'Souza 1998, 343-4). 
In the nineteenth century, consolidation of foreign 
rule and 'Free Trade' further strangled local indus­
tries by opening markets for British manufactured 
products, particularly after the mid-century when 
railways radiated across the subcontinent. As can 
be seen from the few examples given in this paper, 
Europeans, particularly the British, rapidly assumed 
superiority in technical development, dismissing 
locals as mere low-level operatives requiring super­
vision to meet narrow and quantifiable standards. 
In British publications, the role of Indians as inven­
tors or even inheritors of valuable techniques was 
progressively ignored, allowing authors of articles in 
'learned journals' to appropriate local knowledge for 
their own glory with, at best, passing acknowledge­
ment of its provenance. 
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the early sixteenth century onwards through the 
technical and commercial networks of the Euro-
pean colonial empires, and in the postcolonial era, 
for instance, through transfers of technical aid 
and development assistance between Asian and 
African members of the Non-Aligned Movement.
As two of the following papers, by Robby Fivez 
and Pedro Guedes, explore—the first, a case-study 
of construction innovation in late colonial Belgian 
Congo, and the last, a critical account of build-
ing knowledge transfers and discourse across the 
vast overlapping geographies of the Portuguese 
and British colonial empires, from the Caribbean 
to the South China Sea—such exchanges were, 
ostensibly, the direct unilateral transfers of build-
ing technologies by colonial authorities or their 
commercial agents. However, as both of these 
papers reveal, other unintended transfers were 
also entailed, through the skilling of labour, and 
the agency of building materials and techniques 
in their own right. While the European trans-
fer of post-tensioned concrete technology to the 
colonial-modern Congo of the late 1940s exposes 
both expected and unanticipated challenges of 
transforming local labour and production facili-
ties, trans-imperial exchanges of endogenous 
building technologies such as Indian chunam – a 
marble-like form of lime-based plaster—and so-
called Syrian vaulting reveal the agency of build-
ing materials in defining networks of technology 
transfer that transected the Portuguese, Dutch and 
British colonial worlds.
Construction knowledge transfer and material 
agency are further explored in the case of pre-
revolutionary China and Hong Kong in the two 
middle papers of this session by Jingxian Ye and 
Corentin Fivet, and Chun Wai Charles Lai. Here 
we witness the impact of the domestic agency 
of local commercial builders in 1930s Shanghai 
in accumulating and distributing advanced con-
struction knowledge outside of colonial networks, 
and the adaption and transfer of traditional local 
The construction history of modern Asia is 
inextricable from its colonial history. For the most 
part, however, scholarship in this field has focused 
on the production of architecturally conspicu-
ous buildings and major infrastructure, and how 
such developments were supported by transfers of 
materials and expertise from the ‘metropolis’ to 
the colonial ‘province’, or from a Western ‘centre’ 
to an Asian ‘periphery’ in postcolonial contexts. 
Shifting the focus to the more mundane aspects of 
everyday building production, another thread of 
scholarship has explored the routine production 
of anonymous actors working within the organiza-
tional frameworks of Public Works Departments 
and similar institutional forms of agency. Whilst 
shedding light on the historically specific rational-
ity of these technocratic modes of production, the 
still very limited work in this area has also exam-
ined the pervasive normative tendency of such 
construction processes, and how these may persist 
beyond the original colonial situation. Still, the 
conventional limitations of scope that typically 
constrain such studies within the aegis of national 
boundaries has also tended to constrain and to 
conflate such interpretations of ‘departmentalism’ 
with a Foucauldian conception of ‘governmental-
ity’, critical theorisations of knowledge/power rela-
tionships that nevertheless privilege the Western 
‘centre’ in the guise of critiquing its instrumental 
interventions in the colonial periphery.
This session invited contributors to re-consider 
the history of construction in nineteenth and 
twentieth century Asia from a multi-lateral per-
spective focusing on transnational exchanges of 
materials and techniques across the political and 
geographic borders of modern Asia, and the 
former colonial empires that competed to define 
these. A sufficiently open and expansive exami-
nation of such processes within the Global South 
would inevitably extend to Africa, we anticipated, 
or even further. Exchanges between Asia and the 
wider building world were greatly facilitated from 
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building techniques to novel modernistic applica-
tions in the colonial outposts of Hong Kong and 
Penang through the migration of material and 
labour.
These various narratives of transfer and diffu-
sion highlight both direct and indirect exchanges 
of building materials, skill, and techniques, as 
well as the management processes and regulatory 
frameworks in which these were deployed. Collec-
tively they begin to sketch the outlines of a more 
heterogeneous genealogy of South-South exchange 
in the modern era; one that supersedes prevailing 
notions of an overarching hegemony of “techno-
scientific culture” determined by and shared exclu-
sively with the former colonisers. A broader and 
less predictable story is emerging of reception and 
diffusion in the Asian building world, where local-
ised norms and rationalities transcend politically 
and conventionally defined boundaries of power 
and knowledge to inform practice across this vari-
ously delimited region, and beyond.
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